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METHOD OF AND APPARATUS FOR THE
CONTINUOUS EMISSIONS MONITORING
OF TOXIC AIRBORNE METALS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a method of and
apparatus for continuous, near real-time measurement of
airborne metals emitted into the atmosphere by furnaces,
incinerators, boilers, and other combustors and detected by
inductively coupled plasma atomic emission spectrometry
(ICP-AES). This apparatus can provide emission data in the
expeditious time frame required to facilitate pollution con-
troi efforts. The invention specifically relates to the intro-
duction of air samples to an ICP-AES apparatus whereby
sample loss is minimized, a sampling interface is employed
so that isokinetic sampling of the air sample from the
combustor can be utilized and a computer is coupled to the
ICP-AES apparatus which provides an alarm or feedback
signal if a maximum emissions level is reached.

2. Prior Art

Present and future regulatory restrictions on the rates and
composition of hazardous air pollutant (HAP) emissions are
creating a need for faster, more sensitive, and more reliable
methods of monitoring these emissions. The traditional
methods for monitoring airborne metals, EPA Methods 5 and
29, are both labor-intensive and time-consuming.

Determination of airborne metals presently requires a
sample collection step, typically on a cellulose or glass fiber
filter. The air to be tested is sampled for many hours. The
filter is then transported to a laboratory where the filter
media is chemically digested to recover and dissolve any
captured metal elements. The digest is analyzed by an
appropriate spectroanalytical technique such as atomic
absorption spectrometry. One problem associated with this
method is that the sensitivity is directly dependent on the
duration of the sample collection process. Sample air has to
be collected over a long time to meet the low detection levels

required. This approach 1s insensitive to transient events

since it involves time-averaging over a long time. Since the
analytical result 1s available only after the fact, it has limited
value in terms of process control aimed at pollution preven-
tion.

There have been several approaches to continuous emis-
sions monitors for measuring HAP metal concentrations
such as: X-ray fluorescence spectrometry, laser assisted
spark spectrometry, and ICP-AES. For many approaches
speed and sensitivity are mutually exclusive goals. With
X-ray fluorescence the sample collection process is rela-
tively slow. X-ray fluorescence also requires expensive
equipment which is designed to measure only for specific
pollutants. In the laser assisted spark spectrometry tech-
nique, the sensitivity is limited for several important HAP
metals. Another disadvantage of the laser assisted spark
spectroscopy is it is not as accurate as the ICP-AES appa-
ratus. The laser pulses and takes minute, pinpoint measure-
ments of the airborne metals, whereas the ICP-AES appa-
ratus measures larger, more representative volumes of air.
Also, a reliable standardization scheme for the laser assisted
spark spectroscopy has not been shown.

An apparatus for in situ detection of airborne metal
aerosols was reported that involved the suction of ambient
air through a plasma sustained in a quartz confinement tube
- mounted inside a helical induction coil. Aqueous standards
were used for standardization, allowing for such factors as
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nebulizer efficiency and atmospheric water vapor content. A
major disadvantage of the sample introduction approach
used here is that the entrained analyte is dispersed through-
out the plasma rather than concentrated in the central, or
analytical region where excitation processes are optimum.
Thus, the analyzer is insensitive to lower concentrations of
airborne metals.

A method for detection and measurement of the metallic
aerosol concentrations in atmospheric air was disclosed
which involved channeling the sample through direct suc-
tion to the plasma. A disadvantage with this method is that
the sample air flow has to be physically restricted, since the
suction would cause the sampie air to flow through the
plasma too fast for an accurate spectroscopy reading of the
emitted metal acrosols in the sample air. For standardization
of the ICP-AES apparatus a relationship between the aque-
ous solutions of certain metals and their aerosol equivalents
was also disclosed. A disadvantage with this standardization
method is that it was based on an inefficient nebulization
process. The amount of metal in an aerosol is calculated
based on this “known” inefficiency.

Instrumentation capable of real-time and accurate detec-
tion of airborne metals emitted from industrial combustors
and incinerators 1S not available presently. There has been
interest in recent years in the development of instrumenta-
tion and methodology to permit direct sampling and analysis
of airborne metals. This instrumentation and methodology
would allow continuous, real-time monitoring of these met-
als. Real-time monitoring has an advantage in that results are
available instantaneously and can be of significant value for
controlling pollution in the time frame that it is occurring.
Real-time data can be used as feedback in a process control
loop designed to facilitate optimum operation of an incin-
erator or other combustor while promoting operation that
meets environmental regulations.

SUMMARY OF THE INVENTION

The present 1nvention concerns the modification of a
commercially available inductively coupled plasma to allow
the introduction of a sample air stream. The ICP-AES
apparatus offers the best combination of speed and sensi-
tivity for continuous emissions monitoring of hazardous air
pollutant (HAP) metals. The ICP-AES apparatus was
designed for the elemental analysis of liquid samples or
chemically digested solid samples. The present invention
was designed specifically for monitoring and measuring
airborne metal concentrations. An advancement offered by
the present invention is that modifications of the ICP-AES
apparatus included the unigue feature of a sampling inter-
face device to accommodate high, continuous sample col-
lection flow-rates from the incinerator or combustor while
simultaneously allowing sample air to be introduced into the
plasma of the ICP-AES at moderate flow-rates, necessary for
accurate 1identification and quantification of a wide range of
HAP metals. This process of sampling at the natural high-
flow rate i1s called isokinetic sampling. A computer is
coupled to the ICP-AES apparatus and sampling interface
device to control the opening and closing of the solenoid
valves. The computer stores and analyzes the emissions
signals and determines the relationship between the aqueous
equivalent metal concentrations and the aerosol metal con-
centrations, thus allowing field standardization of the ICP-
AES apparatus. The computer also analyzes the absorption/
emissions of the air samples and can determine a
characteristic pattern for tested metal pollutants. Thus, the
computer determines which metal pollutants are in the air
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sample as well as metal pollutant concentration. The com-
puter can provide a feedback control signal or an alarm if a
maximum concentration for a given metal pollutant exceeds
a preprogrammed level.

Accordingly, it 1s an object of the present invention to
provide an ICP-AES apparatus for analyzing air samples
that 1s highly specific, versatile, and inexpensive.

Another object of the present invention is to provide a
portable, continuous, real-time monitoring system for use in
an ICP-AES apparatus in detecting airborne metals emitted
by incinerators and other combustion creators, thus provid-
ing a nearly instantaneous indication of present regulatory
compliance status.

A further object of the invention is to provide a sampling
interface device for use in an ICP-AES apparatus which will
aintain the good sensitivity and high efficiency of the
ICP-AES apparatus while permitting isokinetic sampling of
the effluent from the combustor.

A still further object of the invention is to provide a
method for field standardization of the ICP-AES apparatus
whereby aqueous solutions of metals are used at appropriate

concentrations that simulate a particular range of airborne
metal concerntrations.

A still further object of the imvention 1s to provide
teedback signals during the continuous emissions monitor-
ing, thus providing a monitoring system sensitive to tran-
sient events.

These and other objects, features and advantages of the

present invention will become apparent to those of skill in
the art from a thorough consideration of the detailed descrip-

tion, taken in conjunction with the accompanying drawings,
which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic diagram of the method of
sample collection and transport to continuous emissions
monitor.

FIG. 2 illustrates the internal configuration of the sam-
pling interface device.

FIG. 3 1s a plot of the relationship between the aqueous
equivalent copper concentrations and the aerosol copper
concentrations.

F1G. 4 is a graph of the real-time measurement of airborne
copper, bartum, and strontium 1in incinerator stack effluent
showing rapid response fo fluctuations in waste slurry intro-
duction rate.

FIG. 3 1s a graph of the real-time measurement of airborne
copper, barium, and strontium in incinerator stack effluent.
Average values of time-dependent airborne metal concen-
trations are shown.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates the method of sample collection. An
automated isokinetic sampling system (isokinetic sampler)
4, having the conventional sampling nozzle, flow sensors
and regulated pump can be used to collect sample air 24
containing pollutant metals from the incinerator 2 at the
velocity the sample air 24 is being emitted. The isokinetic
sampler 4 is commercially available, for example, a Kurz
isokinetic sampler was utilized. The sample air 24 is then
transported through a sample line 6, which is preferably
heated, through the sampling interface device 8 by means of
a pump 10. Any heating means can be used, for example a

10

15

20

25

30

35

40

45

50

55

60

65

4

Technical Heaters, Inc. sample line, containing an electrical
heating element was used. In a preferred embodiment of the
invention the sample line 6 transporting the sample air 24 to
the ICP-AES apparatus 14 should be as short as possible, in
order to avoid the metal pollutants in the sample air 24 from
being lost in the sample line 6.

The optimum rate of sample air introduction into the
plasma 12 of the ICP-AES apparatus 14 is between about 0.5
and 1.0 L min™’, which is also the optimum carrier gas
flow-rate during conventional operation during the testing of
liquid samples. Sample air velocity coming from an incin-
erator 2 or other industrial combustor 1s often much higher
than the optimum rate of sample air 24 introduction, for
example 10-20 1 min~"'. Sample air 24 from an incinerator
2 contains particles of different sizes and masses. The
different masses correspond to different momentums when
travelling, with the heavier particles not wanting to change
direction. In Isokinetic sampling of a moving air stream, the
moving sample air 24 is withdrawn from its source such that
its linear velocity matches that of the sample air 24 later
tested by the ICP-AES apparatus 14. Thus, isokinetic sam-

pling ensures that at any one time representative sample air
24 1s obtained by reducing the effect of the different momen-
tum of the particles that contribute to particle size segrega-
tion.

Before reaching the plasma of the ICP-AES apparatus 14
the sample air 24 is introduced into the sample interface
device 8. FIG. 2 is a diagram that illustrates the internal
configuration of the sampling interface device 8. The opera-
tion of the sampling interface device 18 explained below. The
device was designed to accommodate the mismatch in the
relatively high sample collection flow-rates required for
isokinetic sampling and the optimum flow-rates for intro-
duction into the plasma 12.

The sampling interface device 8 has a first elongated
conduit having an inlet end and an outlet end, a first solenoid
valve 28 being located at the inlet end and a second solenoid
valve 30 located at the outlet end. A sample loop 22, which
holds a reservoir of sample air 24 is located between the first
solenoid valve 28 and the second solenoid valve 30. A
second elongated conduit has a first end connected to the
first elongated conduit between the inlet end and the sample
loop 22 to form a junction. The second conduit has a second
end connected to the first conduit between the outlet end and
the sample loop 22 to form a junction. A third solenoid valve
32 is located between the first end and the second end of the
second conduit. The conduit can be made of any material
that would not cause sample contamination, due to its being
made of a metal being tested for in the sample air 24.

The plasma 12 of an ICP-AES apparatus 14 can be
sustained any suitable gas, such as air or argon. Any suitable
ICP-AES apparatus can be used, for example, during the
field testing for airborne metals a Baird air ICP-AES appa-
ratus was used. The ICP-AES apparatus 14, as represented
by ICP 14 in FIG. 1 was powered by a 2.5 kW, 40.68 MHz
radiofrequency generator and constituted the heart of the
continuous emissions monitor. The air ICP-AES apparatus
14 is initiated on argon and gradually, over a period of
several seconds, is converted to air operation. An automatic
phase-match tuning circuit facilitates the change over from
argon to air. The ICP-AES apparatus 14 is conventionally
equipped with three dedicated detector modules each having
light collection optics, a 74 mm monochromator with 200
um entrance and exit slits, and a photomultiplier tube with
variable voltage control.

The output of each detector is processed by a preamplifier
and 1s then digitized using a personal computer 16. Any
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suitable computér can be used. In our case, a computer 16

equipped with a twelve-bit analog-to-digital converter was
used. Calibrated neutral optical density filters are available
to attenuate the intensity of atomic emission to within the
linear range of the detection system. The ICP-AES apparatus
14 is equipped with a conventional sample introduction
system including a Meinhard pneumatic nebulizer, spray
chamber and peristaltic pump for liguid samples.

Sample air 24 is introduced into the plasma 12 through a
sidearm in the tube connecting the spark chamber to the base
of the plasma torch 12. Sample air 24 is introduced in place
of, but at about the same flow-rate as the carrier gas flow
used during conventional operation. The peristaltic pump
and pneumatic nebulizer of the conventional ICP-AES appa-
ratus 14, needed for testing liquid samples, are disabled or
bypassed when on-line monitoring of sample air 24 is
initiated. Table 1 lists the operating parameters used for
instrument standardization and on-line monitoring.

TABLE 1

Air ICP-AES apparatus operating -
conditions for continuous emissions monitoring

Forward power 2.1 kW
Carrier/purge gas flow-rate 0.8 L min™?
Plasma gas flow-rate 2.0 L min™
Coolant gas flow-rate 20.0 L min™!
Aqueous sample uptake rate 1.0 mL min™
Detection wavelengths:

Copper(l) 3247 nm
Barium(1I) 455.4 nm
Strontinm(II) 407.8 nm

Sustaining an ICP-AES apparatus 14 totally on air is not
a prerequisite for exciting and detecting atomic emission
from airborne metals. As known in the art, any suitable gas
can be used to sustain the plasma of the ICP-AES apparatus.
For example, a conventional argon sustained ICP-AES
apparatus, under appropriate operating conditions, can
accommodate the introduction of sample air 24. To best
accommodate the introduction of sample air 24 into an argon
ICP-AES apparatus it is best to sustain the plasma 12 using
a radiofrequency of about 40 MHz or higher, thereby achiev-

ing improved energy coupling between the radiofrequency
generator and the plasma 12.

For optimum interaction between air-entrained particu-
lates and the argon plasma into which the sample air is
injected, a plasma torch with an enlarged torch injector tube,
that has a 1.5 mm or greater mmner diameter, is recom-
mended. For a given gas flow rate through the injector tube
a larger inner diameter will result in a reduced velocity for

the entrained sample, and thus a longer residence time in the
plasma.

The sampling interface device 8 of FIG. 2 has a sample
loop 22 and computer-controlled three-way solenoid valves.
The sample air 24 1s sampled in a continuous cycle, one half
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and the time delay before making emission measurements
are software selectable. A computer 16 controls the sampling
cycle. The 1sokinetically sampled air flows continuously into
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through another conduit to the pump 10, which acts as an
exhaust as well as a pump to pull the sample air 24 through
the sampling interface device 8. Continuous sample flow is
necessary to prevent stagnation and settling of metal ana-
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lytes or pollutants in the sample line 6. During this half of
the sampling cycle, clean reference air 26 from a third
solenoid valve 32 is introduced into the plasma 12 at a rate
of about 0.8 1 min™" to allow for a baseline or background
measurement. This half of the cycle is called sample filling.

Upon software command, as shown in FIG. 2, the com-

puter 16 causes all three solenoid valves to switch simulta-
neously. The sample air 24 is diverted directly through a
conduit to the pump 10 by the first solenoid valve 28. The
third solenoid valve 32 directs the clean air 26, at a rate of
about 0.8 1 min™", to the upstream end of the sample loop 22
and forces the resident sample air 24 through the second
solenoid valve 30 into the plasma 12 for measurement of
atomic emission. The clean air 26, which can be ambient air,
1S pressurized, so that the sample air 24 is pushed through to
the plasma 12 of the ICP-AES apparatus 14 at its optimum
flow rate of about 0.8 min™ to 1.0 I min™". This half of the
cycle 1s called sample purging.

Again, upon software command, as shown in FIG. 2, the
computer 16 causes all three solenoid valves to switch back
to their previous status and the sample cycle repeats..

Although the duration of the cycle can be changed, the
duration used in the field tests was twenty seconds for each
half cycle. Emission measurements were made approxi-
mately eighteen seconds after the beginning of each half-
cycle. This delay allowed sufficient time for metal pollutant
or analyte concentrations in the plasma 12 to reach steady-
state before the analytical measurement, and for all the metal
pollutant or analyte to be removed from the plasma 12 prior
to baseline or background measurement. At the end of each
sampling cycle, the net emission signal for each metal
pollutant being tested for is obtained by subtracting the
baseline measurement from the analytical measurement.

Although “side-on” viewing of the plasma 12 is the
predominant method used with an ICP-AES apparatus 14,
the preferred method for detecting HAP airborne metals is
achieved by axial viewing of the plasma 12. The primary
advantage of axial viewing 1s that atomic emission can be
collected from a considerably larger volume of plasma 12
and detection limits are substantially improved. The sensi-
tivity advantage of axial viewing offsets the perturbative
effects of air in the argon plasma.

A continuous emissions monitor for airborne metals
requires a standardization method that is both accurate and
practical for field use. Since airborne metals will be sampled
and tested the ICP-AES apparatus 14 should be calibrated
using metal aerosols, however, field generation of metal
aerosols 1s neither simple nor practical. As opposed to metal
aerosols, aqueous metal solutions are easily prepared in the
field. An alternative to using standard metal aerosols for
standardization of the ICP-AES apparatus 14 is the use of
aqueous metal concentrations which can be introduced into
the plasma 12 by the conventional method of nebulization.
A prerequisite for using the aqueous metal solutions in place
of standard metal aerosols is the prior establishment of a
correlation between the metal content of aqueous solutions
and the metal aecrosols they are intended to simulate. For
example, experiments were carried out to determine the
aerosol concentration equivalent of various aqueous solution
concentrations of the metals copper, barium, and strontium.

Dry aerosols of copper nitrate, barium nitrate and stron-
tium nitrate were generated by ultrasonic nebulization of
aqueous solutions of various concentrations and entrainment
of the liquid aerosols through a solvent removal system, The
metal content of these aerosols was determined by replicate
capture of particulates on filters and later analysis of the
chemically digested filters.
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Each batch of aerosol was introduced into the ICP-AES
apparatus 14 to allow comparison of atomic emission inten-
sities with those resulting from the introduction of a series
of aqueous solutions of the same metals. For each batch
aerosol generated, an equivalent aqueous concentration was
determined. FIG. 3 is a plot of the relationship between
aqueous copper equivalents and their corresponding copper
nitrate aerosol concentrations. The relationship is linear and
the slope of the plot indicates that, for example, a 100 ug
ml~' aqueous copper solution is equivalent in terms of
atomic emission intensity to a 1450 ug m™ copper aerosol.
These relationships were linear over two orders of magni-
tude of aerosol concentration. By extrapolating to the aque-
ous detection limits for copper, barium and strontium of
0.025, 0.005 and 0.005 ug mi™, respectively, acrosol detec-
tion limits of less than 0.4 ug m™ can be estimated for these
metals.

The laboratory determined aqueous-aerosol relationships
form the basis of a field standardization scheme. Prior to
continuous emissions monitoring, the ICP-AES apparatus
14 is standardized, preferably, using a series aqueous stan-
dards and a blank solution. The series of surrogate aqueous
standards represent the range of aerosol concentrations
expected 1n the sample air 24 to be monitored. Accordingly,
real-time analytical measurements are converted to airborne
aerosol concentrations.

A menu-driven computer 16 was used to automate all
aspects of instrument operation. The aqueous solution /
aerosol relationship data was determined and stored as
standardization parameters. Before real-time monitoring,
operating parameters were selected. A manual operation
mode 1s available in which, for example, the solenoid valves
that control the flow of the sample air 24 can be controlled
manually. The computer 16 contains a microprocessor which
ay use a variety of inputs from various sensors, including,
without limitation, sensors for atomic emission/absorption.
To acquire atomic emission data, the software sends a
command to an analog to digital conversion board in the
computer 16 that tells it to read in signals or voltages from
each of the three detectors in the conventional ICP-AES
apparatus 14. These signals are then digitized and stored.
Thus, initiation of monitoring, data acquisition storage, and
termination of data acquisition is controlled by the computer
16. Previous standardization of the ICP-AES apparatus 14
relates the magnitude of these signals or voltages to actual
atomic emission intensities and subsequently to actual metal
pollutant concentrations in the sample air 24.

The following example of a preferred embodiment of the
invention is provided by way of illustration and not of
limitation.

EXAMPLE

The continuous emissions monitor was field tested under
conditions which were intended to simulate the incineration
of pyrotechnic materials. A surrogate waste slurry spiked
with copper sulfate, barium nitrate and strontium nitrate was
introduced into the combustion region of the incinerator. The
sample air 24 was collected isokinetically through a port in
the side of the stack of the incinerator 2.

Prior to continuous emission monitoring, the plasma
spectrometer of the ICP-AES apparatus 14 was prepared by
first igniting the plasma 12 and allowing the instrument to
operate for at least one hour to ensure thermal equilibration
of all optical components. After warmup, the emission
detector wavelengths were optimized for maximum sensi-

10

15

20

25

30

35

45

50

55

60

63

8

tivity. Plasma gas flow-rates were set and standardization
was carried out with aqueous standard solutions of appro-
priate concentrations. After standardization was completed,
the conventional peristaltic pump and nebulizer were dis-
abled and the ICP-AES apparatus 14 was switched to its
monitoring mode. The sampling cycle, including measure--
ment of reference clean air 26 and sample air 24 from an
incinerator 2, was repeated every 40 seconds.

During the period that real-time data shown in FIG. 4 was
obtained, the rate of waste slurry introduction varied con-
siderably due to mechanical problems with the slurry feed
pump, yet this problem was detected by the present inven-
tion. Airborne copper metal concentrations varied from less
than 50 pg m™ to about 500 pg m—>, as shown in FIG. 4. The
continuous emissions monitor of the present invention
responded to changes in sample concentration and its’
response was nearly instantaneous despite the time constant
effect imposed by the heated 50-ft sample line 6 used to
connect the sample air 24 from the incinerator 2 to the
ICP-AES apparatus 14. Rapid instrument response is a
prerequisite for effective process control.

To confirm the quantitative accuracy of the continuous
emissions monitor, the results were compared to conven-
tional stack monitoring using EPA Method 5. Averages of
the raw, real-time data shown in FIG. 5 for copper, barium

and strontium were 1450 ug m—>, 1100 pg m™ and 787 ug
m—>, respectively. Time-averaged concentrations, measured
using the Method 5 approach were 3260 yg m—, 2270 pg
m~ and 1810 pug m™, respectively.

The source for the discrepancy between the real-time
values and Method 5 were the 50-ft sample line used to
transport the effluent to the ICP-AES apparatus. The pre-
ferred embodiment of the invention has also moved the
location of the ICP-AES apparatus 14 closer to the source of
sample air 24, thereby shortening the sample line 6, which
minimizes the loss of metal pollutants in the sample line 6
and further improves accuracy.

Having described the preferred embodiments of this
invention, it will now be apparent to one of skill in the art
that other embodiments incorporating its concept may be
used. It is felt, therefore, that this invention should not be
limited to the disclosed embodiments, and accordingly ref-
erence should be made to the appended claims rather than
the foregoing discussion of the preferred embodiments, to
assess the scope of the invention.

What 1s claimed is:.

1. A portable continuous emissions monitor for analyzing
an air sample from an incinerator by an ICP-AES apparatus,
comprising:

(a) a sampling interface device having:

(1) a first elongated conduit having an inlet end and an
outlet end, first solenoid valve being disposed at the
inlet end and second solenoid valve being disposed
at the outlet end, a sample loop being disposed
between the first solenoid valve and the second
solenoid valve;

(11) a second elongated conduit having a first end and a
second end, the first end being connected to the first
elongated conduit between the inlet end and the
sample loop to form a junction, and the second end
being connected to the first elongated conduit
between the outlet end and the sample loop to form
a junction, third solenoid valve being disposed
between the first end and the second end;

(b) means for transporting said air sample to said sam-
pling interface device at the inlet end of the first
clongated conduit;
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(c) an ICP-AES apparatus coujaled to said sampling
interface device at the outlet end of the first elongated
conduit;

(d) means for propelling said air sample from said incin-
erator through said sampling interface device con-

nected at the first solenoid valve and the second sole-
noid valve; and

(e) an analyzer coupled to the ICP-AES apparatus, the
analyzer being operable to quantify metal concentra-
tion of the air sample based on an emissions signal from
the ICP-AES apparatus.

2. The monitor as claimed in claim 1 wherein said

for transporting comprises:

an 1sokinetic sampler having a sampling nozzle, a plural-
ity of flow sensors and a regulated pump;

an elongated conduit connecting said isokinetic sampler
with said sampling interface device; and

means for heating said elongated conduit.
3. A method for feeding an air sample for analysis by an
ICP-AES apparatus, comprising the step of:

(a) collecting an air sample from an incinerator to a
sampling interface device;

(b) propelling the air sample continuously by a pump to
the sampling interface device and to a plasma torch of
an ICP-AES apparatus, the sampling interface device
having a first solenoid valve to direct the air sample to
a second solenoid valve to direct the air sample to
exhaust, a sample loop being disposed between the first
solenoid valve and the second solenoid valve;

(c) directing a low flow-rate clean air sample by a third
solenoid valve into the ICP-AES apparatus to generate
‘an emission signal;

(d) stmultaneously switching said first, second, and third
solenoid valves, so that said first solenoid valve directs
said air sample to said pump and said third solenoid
valve directs said low flow-rate clean air sample into
said sample loop, so that the air sample residing in said
sample loop is forced through said second solenoid
valve into said ICP-AES apparatus for a measurement
of atomic emission, whereby the transporting of said air
sample 1s introduced into said ICP-AES apparatus at a
low flow-rate; and

(e) obtaining a net emission signal by subtracting the low
flow-rate clean air sample measurement from the air
sample measurement.

4. A method for feeding an air sample for analysis by an

ICP-AES apparatus, as claimed in claim 3 further compris-
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ing the step of operating said ICP-AES apparatus for an
appropriate period of time, so that thermal equilibration of
all optical components is ensured.

S. A method for feeding an air sample for analysis by an
ICP-AES apparatus, as claimed in claim 3 wherein said
plasma torch of said ICP-AES apparatus is sustained on
argon. |

6. A method for feeding an air sample for analysis by an
ICP-AES apparatus, as claimed in claim 5 wherein said
ICP-AES apparatus has a radiofrequency generator that
generates a radiofrequency of no less than about 40 MHz, so
that an improved energy coupling between the generator and
said plasma torch is achieved. |

7. A method for feeding an air sample for analysis by an
ICP-AES apparatus, as claimed in claim 5 wherein said
plasma torch has a torch injector tube, the inner diameter of
which 1s no less than about 1.5 mm.

8. A method for feeding an air sample for analysis by an
ICP-AES apparatus, as claimed in claim 3 wherein said

plasma torch is sustained on air.

9. A method for feeding an air sample for analysis by an
ICP-AES apparatus, as claimed in claim 3 further compris-
ing the step of viewing said plasma torch axially, so that
atomic emission can be collected from a large volume of
plasma and lower detection limits are possible.

10. A method for feeding an air sample for analysis by an
ICP-AES apparatus, as claimed in claim 3 further compris-
ing the steps of;

(a) mtroducing into said ICP-AES apparatus several con-

centrations of an aqueous metal solution to generate an
atomic emission;

(b) introducing into said ICP-AES apparatus several con-
centrations of a metal aerosol of a same metal as said
aqueous metal solution to generate an atomic emission,
so that a comparison can be made of the atomic
emission intensities between said aqueous metal solu-
tion and said metal aerosol and thereby creating an
aqueous metal standard for said metal aerosol;

(c) standardizing said ICP-AES apparatus by introducing
into it said aqueous metal standard; and

(d) repeating step (c¢) for at least two concentrations of
sald aqueous metal standard, so that a metal concen-
tration range, expected to be found in the air sample
from the incinerator, is introduced into the ICP-AES.
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